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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh*patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 212, Clinical laboratory tgsting and in
vitro|diagnostic test systems.

This|second edition cancels and replacesthe first edition (ISO 17593:2007), which has been technically
reviged.

The main changes are as follows;
— Updated with more current state of the art information that has evolved over several ygars.

— $ubclause 8.4 Validation of measurement precision: added a more robust study design.

— S$ubclause 8.5.8.2and 8.5.8.3: updated examples were added to reflect changes in critefia.
— $ubclause-8¥6"Minimum acceptable system accuracy : Updated requirements/performance criteria.

— (lause.9 Lay person performance evaluation: added clarity, revised performance friteria and
ilncreased sample size.

— Removed Annex F listing of publications.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Oral-anticoagulation monitoring systems are in vitro diagnostic (IVD) medical devices that measure
prothrombin time in fresh, untreated human blood specimens. Prothrombin time is an indicator of
the ability of blood to clot. IVD medical devices for self-testing of oral-anticoagulation therapy are
used predominantly by individuals who have heart valve replacements, or who are suffering from
atrial fibrillation or deep vein thrombosis and are receiving oral anticoagulant therapy with vitamin
K antagonist medicines (e.g. warfarin). Patients must maintain the level of anticoagulant in the blood
high enough to reduce thrombin formation, yet low enough to avoid excessive bleeding. An oral-
anticoagulation monitoring system allows the user to monitor anticoagulation therapy and take action

to control tH
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fhich has been shown to offer significant benefit to patients [31l, The)criteria are giv
r'stem accuracy”, because metrological terms commonly used in\International Stang
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wed in accordance with the manufacturer’s instructions for use. It is also assumed
ers will anticipate and mitigate the effects.of reasonably foreseeable misuse, incly
foreseeable deviations from recommended operating and control procedures by
TS,

ts that are unique to self-testing with oral anticoagulation monitoring systems, incld

lirements that apply to all IVD medical devices and which are covered by other stang

10-1, IEC 61010-2-101, I1SO+13485, ISO 14971, ISO 23640 and ISO 18113-1, ISO 181
) are incorporated by reference, when appropriate. While the goal is to standardize {
s, it is also recognized that current national and regional usage by patients and regul
hould be taken inte consideration.

trate

tate-
en in
ards
racy,
ment
htion
Pm is
11 be
lures
that
1ding
r the

1ding

tent of information supplied By the manufacturer, are addressed in this document.

ards
13-4,
hese
itory

Vi

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=eb50ba9f50cece8b2dd52ba7c1ca2e74

INTERNATIONAL STANDARD

ISO 17593:2022(E)

Clinical laboratory testing and in vitro medical devices —
Requirements for in vitro monitoring systems for self-
testing of oral anticoagulant therapy

1

This
anta

and

Scope

document specifies requirements for in vitro measuring systems for self-monitoring
bonist oral anticoagulation therapy, including performance, quality assurance and u
procedures for the validation of performance by the intended users under actual an

condjitions of use.

This
mon
inter

This
regu
perfq

This

2

document applies solely to prothrombin time measuring systemsyused by lay
toring their own vitamin-K antagonist oral anticoagulation therapy,~and which repo
national normalized ratios (INR).

document is applicable to manufacturers of such systems afid those other organi
atory authorities and conformity assessment bodies) having the responsibility for a
rmance of these systems.

document is not applicable to:

in vitro measuring systems for coagulation . quantities assessing vitamin-K antd
gnticoagulation therapy used by physicians orhealthcare providers;

non-vitamin-K antagonist oral anticoagulation therapy (e.g. dabigatran);

) comprehensive evaluation of all possible factors that can affect the performance of th

q

tthe medical aspects of oral-anticoagulation therapy.

ormative references

The following documents.are referred to in the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
unddted references; the latest edition of the referenced document (including any amendme

ISO 13485, Medical devices — Quality management systems — Requirements for regulatory p

ISO 14971, Medical devices — Application of risk management to medical devices

bf vitamin-K
ser training
d simulated

persons for
rt results as

zations (e.g.

ssessing the

\gonist oral

pse systems;

heir content
applies. For
hts) applies.

Lrposes

[SO 15398, Clinical laboratory medicine — In vitro diagnostic medical devices — Validation of
control procedures by the manujacturer

'user quality

ISO 17511, In vitro diagnostic medical devices — Requirements for establishing metrological traceability of
values assigned to calibrators, trueness control materials and human samples

ISO 18113-1, Clinical laboratory testing and in vitro diagnostic medical systems — Information supplied by
the manufacturer (labelling) — Part 1: Terms, definitions and general requirements

ISO 18113-4, Clinical laboratory testing and in vitro diagnostic medical systems — Information supplied by
the manufacturer (labelling) — Part 4: In vitro diagnostic reagents for self-testing

[SO 18113-5, Clinical laboratory testing and in vitro diagnostic medical systems — Information supplied by
the manufacturer (labelling) — Part 5: In vitro diagnostic instruments for self-testing
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IS0 20916, In vitro diagnostic medical devices — Clinical performance studies using specimens from human
subjects — Good study practice

ISO 23640, In vitro diagnostic medical devices — Evaluation of stability of in vitro diagnostic reagents

IEC 60068-2-64:2008, Environmental testing — Part 2: Test methods — Test Fh: Vibration, broad-band
random (digital control) and guidance

IEC 60601-1-2, Medical electrical equipment - Part 1-2: General requirements for basic safety and essential
performance - Collateral Standard: Electromagnetic disturbances - Requirements and tests

IEC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques —

Electrostatiq

IEC 61000-4
Radiated, ra

IEC 61010-1
use — Part ]

IEC 61010-]
laboratory U

IEC 61326-1
Part 1: Gene

IEC 61326-2
Part 2-6: Pai

EN 13532, (j

WHO Techn
to control oNf

3 Terms
For the pur
apply.

ISO and IEC
ISO Onl

IEC Eled

3.1
accuracy

discharge immunity test

-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement techniqu
Hiofrequency, electromagnetic field immunity test

2010, Safety requirements for electrical equipment for measurement, control and labor
: General requirements

P-101:2015, Safety requirements for electrical equipment for measurement, control
se — Part 2-101: Particular requirements for in vitro diagnostic (D) medical equipment

, Electrical equipment for measurement, control and labordtgry use — EMC requireme
ral requirements

-6, Electrical equipment for measurement, control and.laboratory use — EMC requireme
ticular requirements - In vitro diagnostic (IVD) medi¢al equipment

eneral requirements for in vitro diagnostic medical devices for self-testing

cal Report Series, No. 889, 1999, Annex 3 — Guidelines for thromboplastins and plasma
al-anticoagulant therapy

and definitions

boses of this document, the terms and definitions given in ISO 18113-1 and the follo

maintain terminology databases for use in standardization at the following addresses

ne browsing platform: available at https://www.iso.org/obp

tropedia-available at https://www.electropedia.org/

closeness of]

atory

and

nts -

nts -

used

wing

:\grnnmnnf between a measured qnanh'fy value and a true qn::hh'fy value of 3 measur

nd

Note 1 to entry: For oral-anticoagulation monitoring systems, accuracy is measured by the extent to which
measurements of blood (3.3) specimens from different patients agree with the INR (3.11) values traceable to a
thromboplastin international reference preparation (IRP) (3.12).

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — Notes 1, 2 and 3 to entry have been deleted, and a
new Note 1 to entry has been added.]

3.2
bias
difference b

[SOURCE: IS

etween the expectation of the test results and an accepted reference value

0 5725-1:1994, 3.8, modified — Note 1 to entry has been deleted.]
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blood
circulating intravascular tissue of the body, consisting of suspended formed elements and fluid plasma

Note

3.4

1 to entry: In this document, the term "blood" refers to fresh, untreated blood.

capillary blood specimen
blood (3.3) collected after puncturing minute vessels that connect the arterioles and venules

Note 1 to entry: Often obtained by pricking a fingertip, capillary blood is usually collected without additives.

3.5

cont
stati
contl

3.6

cont
subs
char

Note
contr
react
simu

3.7
heal
indiv

Note
speci

3.8
integ
quali
man;

Note
react
resul

3.9
intel

rol interval
stically justified values specified as acceptable measured values obtained usihg’a g
rol

rol material
Fance, material, or article intended by its manufacturer to be used to verify the f
hcteristics of an in vitro diagnostic (IVD) medical device

1 to entry: Control materials for anticoagulation monitoring cdan be reactive or nonreactiy
ol material participates in a reaction with the reagent (3.28),¢emponents. A nonreactive con
with the reagent (3.28) components, but may provide control functionality through other
ation of the reaction [see physical control (3.24)].

thcare provider
idual authorized to deliver healthcare to a.patient

1 to entry: In this document, a healthcare provider is an individual, e.g. a doctor, nurse, technic
nlist, or appropriate assistant, that provides instruction to a self-testing patient.

rrated control
ty control that is inherentina reagent (3.28) component of a measuring system, inte
ifacturer to verify the perfermance of the measuring system

1 to entry: The integrated functional control is run concurrently with a patient measureme

ive component, and\provides a functional check of the measurement procedure. The integ
Ls shall be withima-predefined measurement interval for the measured value to be displayed.

'mediaté precision condition

iven quality

erformance

e. A reactive
trol does not
means, e.g. a

ian, technical

nded by the

nt, includes a
rated control

condfition .of\measurement, out of a set of conditions that includes the same measurement procedure

(3.19

),.same location, and replicate measurements on the same or similar objects over :

hn extended

perid

dof time, but may include other conditions involving changes

[SOURCE: ISO/IEC Guide 99:2007, 2.22, modified — Notes 1, 2 and 3 to entryhave been deleted.]

3.10

intermediate precision
measurement precision under a set of intermediate precision conditions (3.9) of measurement

Note

1 to entry: The concept of intermediate levels of precision is described in ISO 5725-3:1994(6],

Note 2 to entry: Quantitative measures of intermediate precision depend on the stipulated conditions.

Note 3 to entry: Intermediate precision provides an indication of the variability that will be experienced by a
user during typical use.
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[SOURCE: ISO/IEC Guide 99:2007, 2.23, modified — Note 1 to entry has been deleted and new Note 1 to
entry, Note 2 to entry, and Note 3 to entry have been added.]

3.11

international normalized ratio

INR

patient’s prothrombin time (3.26) measurement result, which has been standardized for the potency
of the thromboplastin used in the measurement procedure (3.19) and expressed relative to a normal
population average

Note 1 to entry: For a discussion of the use of INR, see Poller, et all[33],

3.12
internation
IRP
reference cd

Note 1 to en
comparative

(3.11) systen.

3.13
internation
ISI

factor that
internationd

Note 1 to ent

3.14

lay person
user of an of
or technical

Note 1 to ent

3.15

liquid qual
liquid mate|
application

3.16

manufactu
measuremer
available.

al reference preparation

librator maintained by the World Health Organization

try: The IRP for thromboplastin is directly calibrated for potency against the original B
thromboplastin preparations used in the establishment of the internationalnormalized ratio

al sensitivity index

allows the conversion of a patient’s prothrombin time (3.26) measurement resy
| normalized ratio (3.11) values

Fy: For a discussion of the use of ISI and INR (3.11), seé Poller, et all32],

al-anticoagulation monitoring systemwho does not have specific formal medical, scier
knowledge related to oral-anticoagulation monitoring

Fy: “Lay person” also includes, for example, a person’s family member who performs the testin

ty control
rial that mimics patient specimens and monitors the testing process from spec
o result interpretation

rer’s selectéd measurement procedure
t procedure!(3.19) that is calibrated by one or more primary or secondary calibrators ¥

ritish
(INR)

It to

tific,

=l

b

imen

when

[SOURCE: I§

0-17511:2020, 3.43, modified — Notes 1, 2 and 3 to entry have been deleted.]

3.17

manufacturer’s standing measurement procedure
measurement procedure (3.19) used to assess (or assign values to) the end-user’s calibrator

Note 1 to entry: A standing measurement procedure may be calibrated with a reference method or with the

manufacturer

)

s “working” or “master” calibrator.
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3.18

manufacturer’s working calibrator

working measurement standard

standard that is used routinely at the manufacturer's laboratory to calibrate or check material
measures, measuring instruments or reference materials

Note 1 to entry: This standard is used routinely at the manufacturer's laboratory to calibrate or check material
measures, measuring instruments or reference materials.

Note 2 to entry: This applies to a thromboplastin preparation used by the manufacturer during the preparation
of a prothrombin time (PT) (3.26) reagent mixture.

Note |3 to entry: The assigned value of the manufacturer’s working calibrator is metrologically trageable to that
of the international reference preparation (IRP) (3.12).

3.19
measurement procedure
detalled description of a measurement according to one or more measureément principles and to a
givenn measurement method, based on a measuring model and including any calculation{ to obtain a
meagurement result

[SOURCE: ISO/IEC Guide 99:2007, 2.6, modified — Notes 1, 2 and 3 te\entry have been deleted.]

3.20
measurement reproducibility
reproducibilitymeasurement precision (3.25) under reproducibility conditions (3.31) of meajurement

[SOURCE: ISO/IEC Guide 99:2007, 2.25, modified — Noté’1 to entry has been deleted.]

3.21
measuring interval
set of values of quantities of the same kind, that can be measured by a given measuring instrument or
meaguring system with specified instrumental measurement uncertainty, under defined cgnditions

Note [l to entry: In some fields, the term s fmeasuring range” or “measurement range”.

Note |2 to entry: This represents the-interval of examination results over which the performance characteristics
have peen validated by the manufacdturer.

[SOURCE: ISO/IEC Guide 9932007, 4.7, modified — Note 2 to entry has been deleted and a ngw Note 2 to
entry has been added,]

3.22
metrological traceability
property of the)result of a measurement or the value of a standard whereby it can be relatled to stated
referfences, usually national or international standards, through an unbroken chain of confparisons all
havipg stated uncertainties

3.23
oral anticoagulant

vitamin K antagonists (e.g. warfarin) and non-vitamin K antagonist (e.g. direct oral anticoagulant)
agents used for treating and preventing thromboembolic events

3.24

physical control

control device that does not include chemically reactive components and that is intended by the
manufacturer to verify the performance of the instrument

Note 1 to entry: The physical control system may be in the form of an electronic device that provides a simulated
reaction.

Note 2 to entry: The physical control result shall be within predefined limits, in order for the measuring system
to be considered properly functional.

© IS0 2022 - All rights reserved 5
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closeness of agreement between indications or measured quantity values obtained by replicate

measuremen

ts on the same or similar objects under specified conditions

Note 1 to entry: Measurement precision is usually expressed numerically by measures of imprecision, such as
standard deviation, variance, or coefficient of variation (CV) under the specified conditions of measurement.

Note 2 to entry: The ‘specified conditions’ can be, for example, repeatability conditions (3.29), intermediate
precision conditions (3.9), or reproducibility conditions (3.31). See ISO 5725-1:1994.

Note 3 to entry: Measurement precision is used to define repeatability (3.30) of measurement, intermediate

precision (3.1

Note 4 to ent

[SOURCE: I§

3.26
prothromb
PT

0), and measurement reproducibility (3.20).

y: Sometimes “measurement precision” is erroneously used to mean measurement accuracy.

O/1EC Guide 99:2007, 2.15]

in time

time required to clot a blood (3.3) specimen once exposed to a thromboplastin or tissue-factor derived
reagent (3.28) material

3.27

prothrombjn time measuring system

measuring gystem that records the time required for a specinmien to clot after being exposed|to a
thromboplafptin or tissue-factor derived reagent (3.28)

Note 1 to entfy: The system includes the reagent (3.28) plus thelinstrument used to record the clotting timg.
3.28

reagent

part of the| in vitro diagnostic (IVD) medical® device that produces a signal via a chemical or
electrochenfical reaction, which allows the quantity to be detected and its value measured in a specimen
3.29

repeatability condition

condition of measurement, out of a‘set of conditions that includes the same measurement procefure,
same operators, same measuring-system, same operating conditions and same location, and replicate
measurements on the same pr'sitmilar objects over a short period of time

Note 1 to enffry: Repeatability’condition is essentially unchanging conditions, intended to represent cond{tions
resulting in hinimum variability of measurement results.

Note 2 to entfy: For_the purposes of this document, “laboratories” should be interpreted as “locations”.
[SOURCE: ISOAEC Guide 99:2007, 2.20, modified — Notes 1 and 2 to entry have been deleted, and new
Notes 1 and ZTo entry have been added.]

3.30

repeatability

measurement precision (3.25) under a set of repeatability conditions (3.29) of measurement

[SOURCE: IS

3.31
reproducib

O/IEC Guide 99:2007, 2.21]

ility condition

condition of measurement, out of a set of conditions that includes different locations, operators,
measuring systems, and replicate measurements on the same or similar objects

[SOURCE: IS

O/IEC Guide 99:2007, 2.24, modified — Notes 1 and 2 to entry have been deleted.]
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3.32
secondary reference measurement procedure
measurement procedure (3.19) that is calibrated by one or more primary calibrators

Note 1 to entry: The measurement procedure (3.19) for prothrombin time (3.26) measurements is sometimes
referred to as a “secondary standard procedure”.

3.33

system accuracy

closeness of agreement of a set of representative measurement results from a measuring system and
their respective reference values

Note |l to entry: The term accuracy (3.1) of measurement, when applied to a set of measurement restults, involves
a conjbination of random error components and a common systematic error or bias (3.2) componenf.

Note|2 to entry: Reference values are assigned by a measurement procedure (3.19) traceable t¢ a reference
measurement procedure of higher order.

Note |3 to entry: System accuracy may be expressed as the interval that encompasses 95 % of the differences
obseltved between the results of the system being evaluated and their refetence values. This [interval also
inclugles measurement uncertainty from the measurement procedure (3.19) usedto assign the refer¢nce values.

3.34
truepess
agreement between the average value obtained from a large Series of measurement regults and an
accepted reference value

Note [l to entry: A measure of trueness is usually expressed.as bias (3.2).

3.35
typeltest
test ¢f one or more samples of equipment (or-parts of equipment) made to a particular desjign, to show
that the design and construction meet one or more requirements of the applicable standard

Note |l to entry: Statistical sampling is not prequired for a type test.
[SOURCE: IEC 61326-1:2012, 3.113\, modified — Note 1 to entry added.]

3.36
user|comformance
ability and willingness efithe user of a measuring system to adhere to and operate within| the defined
specifications of a médsurement procedure (3.19)

3.37
validation
confirmation,'through the provision of objective evidence, that the requirements for a specific intended
use dr application have been fulfilled

Note TToentry: The word “validated 15 used to designate the CorTesponding status.
Note 2 to entry: The use conditions for validation can be real or simulated.

Note 3 to entry: In design and development, validation concerns the process of examining an item to determine
conformity with user needs.

Note 4 to entry: Validation is normally performed during the final stage of development, under defined operating
conditions, although it may also be performed in earlier stages.

Note 5 to entry: Multiple validations may be carried out if there are different intended uses.

[SOURCE: ISO 9000:2015, 3.8.13, modified — Note 1 to entry was deleted and Notes 3, 4 and 5 to entry
have been added.]
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venous blood specimen
blood (3.3) collected after directly puncturing a vein, usually with a needle and syringe, or another
collection device

Note 1 to entry: Venous blood may be collected without additives such as anticoagulants or preservatives,
and if so, will be inherently unstable. Venous blood may also be collected in containers containing additives or
preservatives with the intent to stabilize specific components.

3.39

verification

confirmatiopn, fhrmlgh the provision of nhjpr‘fivn evidence that cpnr‘ifipd requirements have been
fulfilled

Note 1 to entfy: The word “verified” is used to designate the corresponding status.

Note 2 to entry: Design verification is the application of tests and appraisals to assess conformity of a design to
the specified|requirement.

[SOURCE: IS0 9000:2015, 3.8.12, modified — Notes 1 and 2 to entry were deleted and new Notq 2 to
entry has bgen added.]

3.40

volume fragtion of erythrocytes in blood

proportion ¢f packed cells in a blood (3.3) specimen

Note 1 to entfy: It is expressed as a fraction, but often given as a percentage (conventional) of the SI unit.

Note 2 to entfy: It is sometimes referred to as “haematocrit”, after"the instrument originally used to estimate the
volume fractfon of erythrocytes in blood (3.3).

4 Design and development

4.1 General requirements

The requirements specified in ISO 13485 apply.

The requir¢ments specified in-EN“13532 apply to evaluation of the performance of the |oral-
anticoagulafion monitoring system.

4.2 Meas

The measur]

4.3 Safet

uring interval

ing interyal'of the system shall be at least 1,0 to 6,0 INR.

y

The requirements specified in IEC 61010-1 and IEC 61010-2-101 apply.

4.4 Risk management

44.1

Identification of hazards

The manufacturer shall decide upon the identification of potential hazards from knowledge of factors
including, but not limited to, the following:

a)

intended use of the product;

b) users’ skills and limitations;

c) protection against unintentional change of settings (e.g. units reported);

8
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d) likely deviations from recommended operating and control procedures;
e) influence of interfering substances.
NOTE Guidelines for evaluating potentially interfering substances are found in CLSI document

4.4.2 Risk management

The requirements specified in ISO 14971 apply.

In performing risk assessment, the manufacturer shall consider:

a)
b)

c)

EP(7 [22],

everity of harm (e.g. potential harm to the patient),

robability of occurrence of harm (e.g. insufficient specimen volume or incerrect 1
lacement), and

NOTHE 1 This document does not specify levels of risk acceptability.

NOTHE 2  Guidelines for identifying potential hazards from the use of “unit use devices” are fi
document EP18-A2 [24],

NOTE 3 ISO TR 24971 provides guidance on the application of ISO 14971. Risk management
analysis, risk evaluation, risk reduction and risk control.

4.5
The

Ergonomic and human factor aspects

design of the oral-anticoagulation monitoring system shall take into considerati

ergonomic and human factors including, but net limited to, the following:

a)

b)

d)

User aspects:

1) selection;

2) training;

3) compliance.
User environment;
1) temperatufe;
2) humidity.

$ystem.properties:

eagent unit

robability of the system failing to detect the mistake (e.g. deficient interhalinstrument sensors).

pund in CLSI

includes risk

on relevant

1)~Tshock resistance;

2) stability of reagents.
User interface:

1) ease of operation;

2) protection from typical “wear and tear” that can be encountered in the use environment;

3) readability of reported results;

4) fault conditions and error messages;

5) unambiguous messages to the user (e.g. “low battery” or “low result”) rather than only “low”;
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6) user

7) user

4.6 Quali

2022(E)

verification of proper system function;

verification of out-of-date reagents, calibrators, controls.

ty assurance and risk controls

4.6.1 General

Quality assurance of oral anticoagulation monitoring systems consists of multiple elements. See

Annex D for

The manufacturer shall provide system-specific risk control measures, as required by the

manageme

The risk cor
the training

Risk control
Clause 7), a{

4.6.2 Mes

Each measu
measuring s

The nature
determined

4.6.3 Conltrol of system performance

The manufa

The quality

Quality conftrol(s) may consist of a liquid control, an integrated control, a physical control,

combinatioj

The manufa]
control inte

4.6.4 Ver

The manuf3
acceptabilit

Verification

descriptions of the various elements of quality assurance that may apply.

t plan. The requirements specified in ISO 14971 apply.

trol measures, including any limitations, shall be described in the instruction$ for use
program as appropriate.

measures shall address the education and training of users and healtheare providers
well as the elements in 4.6.2 to 4.6.4.

surement verification

rement reported by the oral-anticoagulation monitoring system shall be verified b
ystem.

and extent of internal verification to be performed by the measuring system shg
by the results of the risk analysis.

cturer shall provide a control procedureand instructions for the use of quality control

control procedure shall be validated. The requirements specified in ISO 15198 apply.

) of controls.

cturer shall provide instructions for when control(s) shall be used, and where approp
val, and actions totbe taken when controls are out-of-range.

fication of self-testing performance

icturer .Shall recommend a procedure and acceptance criteria for users to verify
 of self<testing results.

risk

b and

(see

y the

11 be

riate,

y the

may be based on a comparison between results obtained by the user and a healt}|1

care

provider at specified intervals. An interval of SIXx montns or less 1s recommended. WIth new sell-testers,
more frequent intervals can be necessary to verify the technique, e.g. monthly.

4.7 Metrological traceability

The requirements specified in ISO 17511 shall apply to the manufacturer’s process for calibrating the
oral-anticoagulation monitoring systems.

10
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The measurement results of the manufacturer’s selected and/or standing measurement procedure
shall be traceable to those of the World Health Organization (WHO) manual tilt-tube measurement
procedure using an International Reference Preparation (IRP) of thromboplastin as referenced in 8.5.5.

NOTE1 The WHO tilt-tube measurement procedure uses fresh, citrated plasma, whereas systems for self-
testing use fresh, untreated blood. Calibration of the systems involves parallel measurement of fresh plasma and
blood from the same patients. In this case, the blood specimens are the calibrator.

If the manufacturer’s standing measurement procedure uses blood, then calibration of the procedure
against the WHO IRP and tilt-tube method shall occur through parallel measurement of blood and
plasma. Calibration of the end-user’s routine measurement procedure shall use blood.

If the manufacturer’s standing measurement procedure uses plasma, then plasma shalil be used to
calibrate the procedure against the WHO IRP and tilt-tube method. Parallel measurémeént of plasma
and blood shall occur during calibration of the end-user’s routine measurement procedurfe (e.g. using
the spme lot of reagents).

The [traceability chain should include as few steps as practical, to minimiZe combing¢d standard
meagurement uncertainty.

NOTE 2  An example of a traceability chain for a typical factory-calibrated“oral-anticoagulation monitoring
system is shown in Figure B.1. The illustration of a full traceability chain,is taken from ISO 17511:2020. This
example is not intended to represent the only possibility of a suitable traceability chain.

Contfol measures shall be implemented within each step of the calibration process, in ordef to monitor,
assegs and control drift and variability.

NS
—

NOTE 3  The process capability index (Cpk) can be used.te‘define and detect unacceptable drift [32l.

Calijration of the manufacturer’s standing meastirement procedure shall be verified af predefined
interjvals against the manufacturer’s selected measurement procedures. ISO 15193 and IS0 15194 may
be uged as guides.

The manufacturer’s working calibratorCmay be a representative panel of fresh capillary or venous
bloodl specimens that span the measuning interval to ensure commutability of the calibrator between
reference measurement procedures, or secondary reference measurement procedure. Mgnufacturers
should define the procedure andithe time period during which the fresh specimens may bejused.

5 Information supplied by the manufacturer

5.1 | General requirements

The Information supplied to users by the manufacturer shall be clear and concise, using|plain terms
that are readily understood by a lay person.

The information shall be well organized and easy to read.

Symbols and illustrations should be used where appropriate. Symbols shall conform to International
Standards, e.g. ISO 15223-1. If symbols are used for which no standard exists, the symbols shall be
described within the text.

The language(s) of the country in which the oral-anticoagulation monitoring system is distributed may
need to be considered. Additional languages are optional.

The content of instructions for use shall be understandable by lay persons. Instructions for use shall
include a revision number, or the year and month of issue.

©1S0 2022 - All rights reserved 11
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In addition to the requirements specified in ISO 18113-5, the oral-anticoagulation monitoring
instrument shall also be identified by labels including the following information name or trade name of
the manufacturer and address of the manufacturer;

a) Unique device identifier (UDI);

1) Where the in vitro diagnostic (IVD) instrument is subject to unique identification rules, labels
shall include the unique device identification including the UDI carrier (AIDC format), and
Human Readable Interpretation (HRI)

NOTE 1 The content, format, and size of the UDI is defined by the accredited UDI issuing agency
selected

2) Whn AIDC carriers other than the UDI Carrier are part of the product labelling, the UDI C4rrier
shall be readily identifiable.

NOTE 2 HRI text is not the same as the text that is already placed on the label'and is a lg¢gible
interpretation of the data characters encoded in the UDI Carrier.

3) Thg UDI shall include both the UDI-DI (device identifier) and the UDI-PI{production identjifier)
unless specifically exempted by regulations.

4) Forlthe IVD instrument, the UDI-PI shall include at least serial number unless the instrument is
mahaged by batch code, in which case the batch code shall bedncluded.

NOTE 3 If there also is a manufacturing date on the label for reasons other than prodyction
confrol purposes, it does NOT need to be included in the UDI-RIunless required by specific regulation.

5) Ifthere are significant constraints limiting the use ‘of.both AIDC and HRI on the label, the AIDC
forinat shall be generally preferred except for environments where HRI is more appropriate to
theluser.

6) The UDI Carrier should be readable durihg normal use, storage conditions, and throughout
intgnded life of the IVD reagent. Refer. to,JSO/IEC 15415 for quality control criteria.

7) Theg placement of the UDI Carrier should be done in a way that AIDC method can be accgssed
durfing normal operation or storage.

8) Thg UDI may be placed on 4 separate label from other required information.

9) A single finished VD Gnstrument made up of multiple parts that have to be assembled| may
havie the UDI Carriet-enly on one part.

10) Locfal, national, erregional regulations can apply.

b) areference tothéiser manual or instructions for use.
c) informdtionon the liquid quality controls intended to be used with the device.

d) Limitations to the procedures (e.g. interferences, effect of under-sampling or over-sampling on the
INR result).

e) Sample volume required for the test (e.g. 8 pL).

f) Materials included and materials not included in the test kit.

5.2 Instructions for use of the oral-anticoagulation monitoring system

The system shall be accompanied by instructions for use, from the requirements set out in ISO 18113-5.
The following information shall also be included:

a) where applicable, trade name or registered trademark and address of the manufacturer, the name
and address of the distributor, if applicable, and how to access help;

12
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b) manufacturer’s standing measurement procedure (comparator method) and/or reference material
designated by the manufacturer to evaluate performance characteristics;

c) type of specimens used by the manufacturer for calibration (e.g. blood or plasma);
d) measurement procedure to be followed when using the system, including:

1) the sequence of steps to prepare the instrument for the measurement, to perform the
measurement (including the volume and recommended appearance of the specimen) and to
maintain the instrument;

2) the sequence of adjustment (e.g. use of a number, code strip, code chip), measurement and
verification, and the allowed time intervals between them;

3) the measurement units reported by the system for the INR values;

4) advice on how to proceed when error messages, unexpected results ©Or-results|outside the
specified measuring interval are generated by the instrument.

e) ¢nvironmental conditions (e.g. temperature and relative humidity)(in which the system may be
sed;

f) description of instrument cleaning procedures;

g) hen instruments are reprocessed for a new user, disiiféction procedures and des¢ription of a
eset function or procedure to ensure the results from:the previous user are deleted, iflapplicable;

h) precautions to be taken to prevent system damage, e.g. from electrostatic discharge, magnetic
ields, and heat, humidity, shock and other external influences or other environmenta| conditions,
s applicable (see IEC 61010-2-101:2015, Clause™5);

i) escription and explanation of any symbaols'used on labels and in the instructions for use;
j)  guidance on action to be taken by the\user as a consequence of the result, including:

1) a reference to the instructions given by a healthcare provider, and a warning nqt to deviate
from these instructions.on the basis of the result without consulting the healthcarg provider;

2) advice on how to proceed if the result is questionable to the user;

3) indication of how,the monitoring system alerts the user when the result is outside the specified
measuring interval (e.g. error messages, fault notifications).

The instructions4er‘use shall state what actions to take if the verification indicates an invallid result.

5.3 | Labels*for the reagents and control(s)

The reagents and control(s) shall be identified by a label or labels.

The requirements specified in ISO 18113-4 apply.

In addition, the following information shall be included on the label(s):
— areference to the instructions for use;

— UDI;

— the instrument specified to be used with the reagents.

Warning statements should be included on the label concerning:

— use of the reagents with the specified oral-anticoagulation monitoring instrument to promote
reliable measurement results;
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— safe disposal of the reagents after use.

The language(s) of the country in which the reagents and control materials are distributed shall be
used; additional languages are optional.

5.4 Instructions for use of reagents and control materials

Reagents and control materials provided for use with an oral-anticoagulation monitoring system shall
be accompanied by instructions for use.

The requirements specified in ISO 18113-4 apply.

In addition, the following information shall be included in the instructions for use:
a) anindidation of how to access help from the manufacturer and/or distributor;
b) the instrument specified to be used with the reagents and control material;

c) theinternational sensitivity index (ISI) of the reagent;

d) the storjage conditions (e.g. temperature, humidity, exposure to light);

e) a warning statement (for reagents) concerning the need to tightly/seal the cap of the immegiate
containgr to protect reagent strips or sensors from exposure to aif;

f) the measuring interval, indicating the upper and lower litwits within which INR resultg are
reportef;

g) the measurement procedure used to evaluate the performance characteristics of the system,
and a statement describing the metrological traceability of measurement results to a refefence
measurgment procedure or reference material of higher order;

h) the measurement procedure to be followed including:
1) thelsequence of steps to prepare theTeagents and execute the measurement;
2) theltiming between the individual steps, if applicable;

Required information regarding reagents and/or control materials may be included in the instrucfions
for use of thle instrument or systém if the manufacturer of the instrument or system is the same as the
manufacturer of the reagents.}there is a change in this information, the changed information shall be
placed in th¢ instructions foraise for the reagents.

6 Safety|and reliability testing

6.1 General requirements

6.1.1 Protocol

Safety and reliability testing shall be performed by the manufacturer according to a written protocol.
The protocol shall, as a minimum, specify the test designs, including the number of instruments, reagent
units and replicate measurements per instrument, and the data analysis procedures and acceptance
criteria. The results of the safety and reliability testing shall be documented in a report.

Specified testing requirements are minimum requirements.
For performance tests, the protocol shall include a statistical rationale for the test design.
NOTE1 The tests described in 6.2 to 6.8 are type tests.

NOTE 2  The tests described in 6.9 to 6.12 are performance tests.
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6.1.2 Instruments and reagents
Instruments and reagents selected for testing shall be representative of routine production units.
For type tests, at least three instruments shall be used in each test.

For performance tests, at least ten instruments shall be used in each test.

6.1.3 Acceptance criteria

Acceptance criteria for bias and repeatability for the performance tests in 6.10 to 6.13 should be
deri iteriain 8.6 1 i iteria shall be
ented in the protocol.

The Joral-anticoagulation monitoring system shall either pass the acceptance criteria In each test
projcol or the system shall be rendered non-functional and shall not display a numerical INR result.

Failures to meet acceptance criteria shall be investigated.

6.2 | Protection against electric shock

The requirements specified in IEC 61010-1:2010, Clause 6, apply.

6.3 | Protection against mechanical hazards

The requirements specified in IEC 61010-1:2010, Clause./,"apply.

6.4 | Electromagnetic compatibility

The |requirements specified in IEC 61326:1," IEC 61326-2-6 and IEC 60601-1-2 apply. Minimun
requjrements are mentioned in Annex A.

In addition, if the monitoring system ¢an be connected to other equipment, such as a ¢omputer or
cell phone, then the electromagnetic’compatibility (EMC) test shall also be performed} unless the
mon{toring system is incapable ef\performing a test when connected.

6.5 | Resistance to heat

The tequirements specified in IEC 61010-1:2010, Clause 10, apply.

6.6 | Resistancé to moisture and liquids

The requirements specified in IEC 61010-1:2010, 11.1, 11.2 and 11.3 apply.

6.7 | Protection against liberated gases, explosion, and implosion

The requirements specified in IEC 61010-1:2010, 13.1 and 13.2.2 apply.

6.8 Instrument components

The requirements specified in I[EC 61010-1:2010, 14.1, 14.4, 14.5 and 14.6 apply.

6.9 Performance test

The performance test shall be performed before and after each determination of mechanical resistance
to shock, vibration and impact (see 6.10) and protection against exposure to temperature and humidity
levels (see 6.11 and 6.12). Pass/fail criteria shall be based on the effect of the challenge on system bias
and repeatability.
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Prior to each performance test, the oral-anticoagulation monitoring instrument shall be equilibrated
to 23 °C + 2 °C. The manufacturer’s recommended control material or a suitable alternative should be

used for the

performance tests.

It can be difficult to separate the variability due to specimen and reagent components from the
variability due to instrument components. This should be taken into consideration when designing the
test and developing acceptance criteria.

A check strip, which simulates a reagent strip after reaction, or other suitable control material, may be
used to verify that system performance has not been affected.

Electronic c
specimens.

The order o

The averagsg
be calculate
a) Bias: th
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b) Repeatd
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interval
deviatid
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 measurement of test samples shall be specified in the protocol.
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ed to the acceptance criteria for bias.
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6.11 Temperature exposure limits

6.11.1 High-temperature test protocol

Perform the
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Place the instrument in an environmental chamber that can be monitored for internal temperature.

Increase the temperature to 50 °C + 2 °C and leave the instrument at this temperature for 8 h in the
chamber.

Remove the instrument from the environmental chamber and allow it to cool to a temperature of
23 °C + 2 °C and repeat the performance test.

For those systems in which the reagents are an integral component of the instrument and cannot
be separated from the system, the high-temperature exposure conditions shall be limited to the use

cond

itions specified by the manufacturer.

6.11
Perfd
Placq

Decr]

chanpber.

Alloy

2 Low-temperature protocol
rm the performance test as specified in 6.9.
the instrument in an environmental chamber that can be monitored for ifiternal temy

pase the temperature to -20 °C + 2 °C and leave the instrument at this temperature f

v the instrument to reach a temperature of 23 °C * 2 °C in theyenvironmental cham

cond

the chamber and repeat the performance test.

nsation from the moist outside air contacting the cold insfrument. Remove the instr

erature.

br 8 h in the

ber to avoid
ument from

For those systems in which the reagents are an integralycomponent of the instrument|and cannot
be s¢parated from the system, the low-temperature exposure conditions shall be limited to the use
condjitions specified by the manufacturer.

6.12 Humidity-exposure test protocol

Perform the baseline performance test as specified in 6.9.

Placg the instruments in a temperatutre*and humidity-controlled chamber.

Stabllize the relative humidity, noncondensing to 90 % * 3 %, and the temperature to 32 °C|+ 2 °C.
Leave the instruments in thé chamber for 48 h at the specified temperature and humidity:.

Trangfer the instruments,from the chamber to ambient conditions of relative humidity <|60 % and a
temperature of 23 °C&2 °C, and wait 15 min.

Assepsment of the{degree and effects of moisture absorption is the purpose of this test. Any moisture
absorbed by the system during the time in the chamber is intentionally retained. The femperature
should appreach ambient during the 15 min delay, but complete equilibration is not requirgd.
Repedatthe performance test.

6.13

Reagent and storage and use testing

Conditions for the storage, use and transport of reagents and control materials shall be defined and
verified.

Stability of reagents and control materials through the expiration dates shall be demonstrated. The

requ

©ISO

irements specified in ISO 23640 apply.
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7 Training and education programs

7.1 Training of healthcare providers

The manufacturer shall design and validate a training program for healthcare providers. The training
program shall educate healthcare providers in the proper use of the system, patient selection and
patient education.

The training program for healthcare providers shall include recommended patient selection criteria
and a description of user characteristics likely to predict success in using the system.

The predict{ve user characteristics should include:
— ability o understand the concept of oral-anticoagulant therapy and its risks;

— willingness to perform oral-anticoagulation self-testing and participate actively with-a healthcare
providelr in documentation and information exchange for therapy adjustment;

— sufficient manual dexterity and visual acuity;
— demonstrated patient compliance.

In cases where the patient does not meet the criteria, the training<{program should advise| that
measuremefts may be carried out by trained relatives or other third\parties who meet the seleftion
criteria.

7.2 Education of lay persons

The manufafturer shall establish and provide an education program for lay persons. The program|shall
include the following elements:

— basic information about blood clotting and enal*anticoagulation therapy;
— explanation of INR results;

— explan:[ion of the patient-specific individual therapeutic interval;

— training in skin puncture and self-testing;

— tasks offusers and healthcdre providers in oral-anticoagulation self-testing;

— recordKeeping by the Giser and healthcare provider;

— description of contyol procedures and system self-checks;

— explanTion of-error codes and actions to be taken when they occur;

— emphasjisoh the proper interpretation of control results;

— actions necessary when control results are not within the target limits;

— protocol for communication between users and healthcare providers;

— actions necessary when results are not within the individual therapeutic interval;
— action necessary in the event of additional diseases, emergencies or accidents.

The education program shall provide sufficient technical knowledge regarding the general concept
of oral anticoagulant therapy and shall teach practical skills to perform self-testing and control
procedures.

An evaluation of the user’s ability to perform self-testing properly shall be made on completion of the
education program.
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The evaluation should include a practical test of technical proficiency and/or a written test of
comprehension.

NOTE Periodic re-evaluation of users to assess conformance and verify continuing competence can be
advisable.

The manufacturer shall provide a method for documentation of successful completion of the education
program by the user.

The training may be documented by the manufacturer or the healthcare professional.

7.3

el hysician’s
instructions

The jmanufacturer shall recommend, in the instructions for use for the healthcare professional,
suitable procedures for monitoring and evaluating user conformance with the manufacturer’s and the
physjcian’s instructions, where applicable.

8 S$ystem performance validation

8.1 | General

System performance validation studies shall be conducted aspart of the manufacturer’s dgsign control
system to demonstrate that the oral-anticoagulation qnonitoring system meets specifications for
trueiess, precision, and system accuracy.

The requirements specified in ISO 13485 apply.

NOTH Typically these studies do not include lay\users of the device as this is captured in Clausq 9.

8.2 | Contributors to measurement-uncertainty

Factgrs that affect the accuracy (precision and trueness) of INR results and contribute to measurement
unceftainty shall be identified and\taken into consideration when designing the validation protocol(s).

Thesg factors include intra-individual biological variability, measurement uncertainty of fhe assigned
valug of the calibrator (lack of a higher-order reference material and limitations of the WHO reference
meagurement procedur€), factor sensitivity differences, reagent lot-to-lot differendes, reagent
instgbility and measiirement imprecision.

NOTE 1  Specificity with respect to interfering substances and effects of isolated coagulation factor deficiencies
are npt addressed'in the system performance validation studies outlined in this document.

NOTE 2 , Phe designated reference measurement procedure, the WHO tilt-tube method, is difficu|t to perform,
highly dependent on user technique and valid only for INR values between 1,0 and 4,5. Attemptd to develop a

true tcalibrator have not been successful-The reference measurement prnr‘pr‘nrn and calibrator cadn contribute

significantly to increased measurement uncertainty of INR measurements.

Refer to Annex C for additional information/examples of calculations of measurement uncertainty.

8.3 System performance validation study

The system performance validation study shall be performed according to a written protocol. The
protocol shall, as a minimum, specify the experimental details, data analysis procedures and acceptance
criteria. Statistical designs, including the numbers of instruments, reagent units, sample replication
and acceptance criteria, shall be justified in the protocol. The results of the performance validation
study shall be documented in a report.
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All components of the system selected for evaluation, including instruments, reagents and accessories,
shall be representative of the product intended for sale.

The oral-anticoagulation monitoring system shall be adjusted prior to the validation study, according
to the manufacturer’s instructions (e.g. via coding, chips). No adjustments shall be made between
replicate measurements unless the manufacturer’s instructions specify an adjustment before each
measurement.

The manufacturer’s recommended control procedures shall be performed prior to each validation

study.
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ctive

Only limited validation of the reproducibility of INR measurements, reproducibility conditions can

be made directly over time, across multiple lots, and across multiple analysts owing to the instability of blood
specimens. The accuracy validation study (see 8.5) is designed to include the uncertainty due to these variables.

NOTE 3  Surrogate samples (e.g. control samples) and alternative evaluation approaches can be necessary to
estimate the contribution of specific variables. Such evaluations are an essential part of design validation, but
since study designs tend to be system-specific they are outside the scope of this document.

Differences in system performance can be observed depending on the state of illness of the persons on
oral-anticoagulation therapy (e.g. chronically ill or acutely ill). The study population should reflect the
intended use population, i.e. stabilized on anticoagulant therapy.
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8.4.2 Validation of measurement repeatability

8.4.2.1 General

Measurement repeatability shall be evaluated from duplicate samples of capillary blood. To approximate
repeatability conditions, both samples shall be taken, and measurements made within a short period of
time.

The rationale for the experimental design shall be documented in the protocol.

NOTE Refer to ISO 5725-2 [5] for guidelines for determining the repeatability of a measurement procedure.

8.4.2.2 Samples

The repeatability validation study shall be performed with fresh capillary blood: specimens from at
least{45 persons receiving vitamin K antagonist therapy, and at least 15 persons$-nhot receiving therapy.
Thesfe persons shall be selected so that INR values span the measuring interval of the system, with at
least|15 persons in each of the intervals specified in Table 1.

Two samples shall be taken from each person by skin puncture (e.g. two-separate fingerstigks).
The INR value of each sample shall be determined using the oral-anticoagulation monitoring system.

The yolume fraction of erythrocytes in blood (haematocrit) shall be within the interval clgimed by the
mantyifacturer.

Table 1 — INR intervals for validatioh 0of measurement repeatability

Interval INR values
Nontherapeutic <20

Low therapeutic 2,0to 3,0
High therapeutic >3,0to04,5
Supra-therapeutie > 4,5

Appropriately validated surrogate sample materials may be used in place of actual person§’ specimens
for tg¢sting up to 20 % of the high therapeutic specimens, and 75 % of the supra-therapeutiq interval.

NOTH If the manufacturer’s measuring interval claim is up to 4,5 or lower, the supra-therapg¢utic interval
does hot need to be tested:

8.4.2.3 Instruments and reagents

Meagurementrepeatability may be validated using one or more instruments and one or njore reagent
lots. [f more than one instrument or reagent lot is used, the experimental design shall alloy analysis of
repeptability within a single instrument and/or within a single lot.

8.4.3 Validation of intermediate precision

8.4.3.1 General

The validation of intermediate precision shall be conducted in normal conditions of use (i.e. by an
individual user across multiple days with the same instrument).

Manufacturers shall utilize ANOVA to determine the significant sources of measurement uncertainty to
include in the intermediate precision testing.

The intermediate precision conditions and rationale for the experimental design shall be documented
in the protocol. As a minimum, manufacturers shall include the components of uncertainty due to lot-
to-lot, instrument-to-instrument and day-to-day.
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Intermediate t precision shall be validated across the entire measuring interval of the instrument.

NOTE R

8.4.3.1.1

efer to ISO 5725-3 [6] for guidelines on determining intermediate measurement precision.

Samples

Intermediate precision shall be validated using liquid control materials or stable surrogate samples in
the low therapeutic interval (INR 2,0 to 3,0), in the high therapeutic interval (INR 3,1 to 4,5), and at a
high value close to the upper end of the measuring interval. Intermediate precision shall be validated
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Figure 1 — Design for intermediate precision study
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Alternatively, lot-to-lot imprecision may be assessed in a statistically equivalent study, e.g. with a
minimum of three lots, one instrument, and one operator.

8.4.4 Data analysis

8.4.4.1 Data validity (identification of outliers)

Prior to analysis, data shall be evaluated to identify errors and evidence of sample instability. Obvious
errors (e.g. transcription errors, insufficient sample volume) should be documented and corrected. No
data may be eliminated without cause (i.e. for statistical reasons alone).

Sample instability, expressed as a drift in results, can be identified through statistical ana
sample’s replicate results. The following guidelines apply.

a)

b)

or the repeatability data, calculate the duplicate range limit from all of the-data. If
elated to INR, then the duplicate range limit will also depend on INR as largev differen

lysis of each

precision is
ces between

eplicates can be expected at higher INR values. The rationale for this limitisbased on the statistical

istribution of the range and also depends on the precision of the system. The limit is c
ollowing these steps:

iy
2)
3)

For intermediate precision, use all of the data to calculate the data exclusion limit.
ﬂ)ased on a run of 10 samples and is designed to detect either a high or low outlier.
aletulated by following these steps:

Calculate the difference between the duplicate measurements for each sample.
Calculate the average result for each sample.

Obtain an estimate of within-sample precision fronra statistically equivalent study
system specifications. As precision usually decreases with the INR, it should be ex
coefficient of variation (CV).

For each patient specimen, multiply the average result by the CV and then by 4,2.
the duplicate range limit for that persen:

For example, suppose that two results for a person are 2,4 and 2,6. The average i
of 5 % is used as an estimaté-for within-person precision, then the duplicate r3

alculated by

or from the
pressed as a

[his value is

5 2,5. If a CV
nge limit is

2,5 x 0,05 x 4,2, or 0,525. Sinte the actual difference is 0,2, it would be accepted. If the two

replicates were 2,2 and 2;8, then the average would still be 2,5, but this difference W
the duplicate range lipnits'All data from the person is eliminated. Data from not md
persons should be elintinated (< 3,5 %).

NOTE 1 Duplicate differences exceeding the duplicate range limit have a 99,7 % pr
they are invalid.data, which can be due to sample instability or drift [31].

All results-are part of the data set and should be reported. The estimate of precisi
performeéed with and without those results eliminated.

ould exceed
re than two

bbability that

n should be

his limit is
'his value is

iy
2)
3)
4)
5)

For each sample, calculate the average and standard deviation (SD) from the run of 10.

Also determine the minimum and maximum value from the run of 10.

Calculate the following statistics: (Maximum - Average)/SD and (Average - Minimum)/SD.

Take the larger of the two numbers. This represents the possible suspect point.

If the result of step b) 4 is larger than 2,48, then the suspect exceeds the data exclu
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Data values exceeding the data exclusion limit have a 99 % probability that their extreme value is not
due to the basic imprecision of the system. They should be considered as outliers. They represent cases
of extreme performance that would not be expected in normal use [33],

NOTE 2  Guidelines for identifying outliers are found in ISO 5725-2:2019 [5] and in CLSI document EP05-A3 [21],
The following requirements apply to data exclusion:
c) For statistical outliers:

1) Data determined to be statistical outliers shall not be discarded. Data analysis shall be
performed, and results reported with and without the outliers included.

2) For|repeatability, exceeding the acceptable difference between duplicates indicates salmple
instability. Both measurements shall be considered invalid However, data analysis‘should be
performed, and results reported with and without these samples.

3) For|intermediate precision, a trend exceeding the acceptable limit indicates/§ample instability.
However, data analysis should be performed, and results reported with ‘and without these
sanpples.

d) For a prjocedural mistake or instrument malfunction occurred during testing:

1) an [investigation shall be conducted to determine the catise. The investigation anfl its
conlusions shall be documented in the report.

2) Ifajcause is found, the outcome from the affected sample-shall be considered invalid and|shall
not|be used in calculations.

3) Datp rejected for cause (e.g. confirmed analyst ertor) may be replaced with new measurement
restlts.

4) If aJcause cannot be determined, data analysis shall be performed, and the results repgrted
with and without the data in question.

8.4.4.2 Repeatability analysis

Estimation pf repeatability with fresh-capillary blood specimens in the precision study is performed
for each of four INR intervals: Intervall (nontherapeutic), Interval2 (low therapeutic), Interval3 (high
therapeutic] and Interval4 (suptra-therapeutic) separately. Subjects selected in the precision study(shall
be selected |so that INR values span the measuring interval with at least 15 subjects in each of| four
intervals. Egch subject hastwo measurements with two separate fingerstick X; ; and X; ,; and an avgrage
(Average;) apd Standard Peviation (SD;) using two measurements (X; ; and X; 2) should be calculatdd for
each personf (i=1, 60) " Bresent Average; and SD; for all subjects in the study on plane (X,Y) where X-axis
is the average value-(Average;) for a subject and Y-axis is the standard deviation (SD;) for the subject.
The data is|analyséd with regard to i determination of the number of subjects with Average; values
from Intervpll-(number of subjects is N1), Interval 2 (number of subjects is N2), Interval3 (numHber of
subjects is N3Jand Interval 4 (number of subjects is N4] [NIFNZ+N3+N4=60].

Repeatability with fresh capillary blood specimens is estimated for each of four intervals separately in
the following way:

Consider Interval 1 (N1 subjects have Average; INR results in Intervall). An example of the data where
each interval has 15 subjects (N1=N2=N3=N4=15) is presented by Table 2.
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Table 2 — Repeatability - Demonstration of samples in each interval

Person | Replicate 1, | Replicate 2, | Average of 2 SD of 2 Var=SD*SD
ID X1 X replicates replicates
i,2
Intervall
(nontherapeutic)
15
Inteqvat2 16
(low|therapeutic) 17
30
Interfval3 31
(high therapeutic) 32
45
Interjval4 46
(supra-therapeutic) 47
60

Repdatability analysis is performed and stated as follows:

a) The average variance of N1 variances foriInterval 1 is the variance averaged over|all subjects
in Interval 1. For the example with N1=15) variance for Interval 1 is calculated as
Yar|iervaii=(Vary+Var,+...+Var 5)/15.

b) Then calculate standard deviation'of repeatability for Intervall as
] DIntervall =Sqrt(varlnterva11)'

c) The grand average of N1 average values from Intervall is
¢alculated. For the example with N1=15, the grand average is calculated as
Averagey ..va1=(Average, +Average,+...+Average;s)/15.

d) (V for each of fouriintervals is calculated as
‘V[nterval1=SDIntervall/AverageIntervall'

Results of\repeatability analysis is presented as in Table 3.

Table 3 — Results of repeatability analysis

N of subjectsin | Average in Interval SDin %CV
Interval Interval in Interval
Intervall N1 Average|iervall SDintervalt %CV ntervalt
Interval2 N2 Average,ervalz SDinterval2 %CV hterval2
Interval3 N3 Averageyierval3 SDipterval3 %CV nterval3
Interval4 N4 Average|ytervals SDintervala %CV ntervala

In addition, the following information shall be reported for each subject:

a) Number ofinitial invalid results;
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b) If invalid results were re-tested, number of re-tested invalid results and number of final invalid
results.

In summary of excluded results:
— Number of invalid results excluded from statistical analysis;

— Whether other results were excluded including the method of identification and the results of the
investigation.

8.4.4.3 Intermediate precision analysis

The averagg, standard deviation and CV for intermediate precision shall be calculated for each salmple
using documented statistical procedures.

ANOVA is thie preferred method for data analysis for intermediate precision.
The following information shall be reported for each sample:
a) grand ayerage of the observed INR values for each sample;

b) intermediate precision standard deviation with 95 % confidence interval and CV for INR values
from each sample;

c¢) summary of any invalid data identified and excluded from statistical analysis, including the mdgthod
of identjfication and the results of the investigation;

d) referenges to the statistical analysis procedures.
8.5 Validation of system accuracy

8.5.1 General requirements

System accyracy shall be validated in actual(orsimulated conditions of use.

The system pccuracy validation study shall be designed to include systematic effects (bias) and rajpdom
effects (impIecision) that would be expérienced by an individual user in anticipated conditions of pise.

NOTE1  The relationship of accurady to trueness and precision is discussed in ISO 5725-1.

The measugjement procedure;)(comparator) used as a basis for system accuracy validation shgll be
preferably ajreference measurement procedure, and at least of higher metrological order than thatjused
for calibratipn of the lay=person’s routine measurement procedure, and shall be linked to the WH() tilt-
tube method through a separate unbroken pathway.

NOTE 2  If|a xeference measurement procedure is not available, it is preferred that the compdrator
measuremenf procedure be from a different manufacturer than that of the self-testing system using the [same
sample type.

The requirements specified in ISO 20916 apply.

8.5.2 Study population

Persons enrolled in the study shall meet the selection criteria as stated in 7.1 as part of the healthcare
providers training with a description of user characteristics likely to predict success in using the
system along with predictive user characteristics.

One hundred and eighty (180) vitamin K antagonist-treated persons shall be enrolled at a minimum of
three sites. In addition, 20 persons not receiving vitamin K antagonist therapy shall be enrolled across
the sites.
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Demographic data, targeted INR and the indication for oral-anticoagulation therapy shall be recorded
for each person on therapy, and demographic data for persons not on oral anticoagulation therapy.
Demographic data shall include descriptions of the person’s health conditions.

INR values of the study persons shall span the claimed measuring interval of the system, as measured
by the manufacturer’s standing measurement procedure or the alternative measurement procedure.

At least 5 % of the study persons (n = 10) shall have an INR value = 4,6 (see Table 4 in 8.5.3). If the
required number of patients with an INR above 4,5 cannot be obtained at the initial study sites,
expansion of the study to additional sites can be necessary.

Samples/Specimen

capillary blood specimens shall be used for the validation of system accuracy” Allternatively,
stabilized venous blood specimens may be used when equivalence of the venous‘specimens to fresh
capillary blood specimens has been demonstrated.

For the comparator measurement procedure, the intended use sample shall be'used.

Fresh capillary blood specimens shall be collected by skin puncture (eg. fingerstick). Ea¢h specimen
shall| be collected with a separate finger puncture. Sample contaiders designed for the gollection of
capillary blood should be used, if applicable.

Samples shall be prepared from the specimens, which may b&processed according to the [nstructions
for upe, including specimen pre-treatment if required.

Each|sample shall have sufficient volume to be measure@by the oral-anticoagulation monitqring system
and at least in duplicate by the manufacturer’s meastirement procedure.

Exclysion criteria, such as the volume fraction of€rythrocytes (packed cell volume, haemagocrit), shall
be bgsed on the manufacturer’s instructionsfor use and specified in the protocol. However, specimens
spanpning the claimed haematocrit interval shall be included.

The [NR values shall be distributed-only as specified in Table 4. Additional samples iff a category
will skew the results and are not allowed. INR values shall be determined by the mapufacturer’s
meagurement procedure.

Table 4,— INR values of samples for system accuracy validation

Number fraction of samples 2/ INR values

Y%

10 to 15 <20

15 to 40 2,0to0 2,8

15 to 40 >2,8t0 3,7

10 to 30 >3,7 to 4,5

5to 10 >475

a  Once a category is filled (i.e. the maximum allowed percentage has
been reached), no more samples may be added to that category.

NOTE The number of samples was determined based on the evaluation of the tolerance interval against the
performance criteria in 8.6.1 Table 5. Robustness of the Allowable Difference limits was evaluated by verifying
the tolerance interval [27][29] (proportion=0,95, confidence=0,95) is contained within. Tolerance intervals for
N=150, 200, 250 and with increasing values of the standard deviation (SD) were calculated. SD (difference) up
to 0,15 for INR less than 2,0, SD (% difference ) up to 9 for the INR interval of 2,0 to 4,5, and SD (% difference) up
to 11 for INR greater than 4,5 were used. In all cases, the calculated tolerance intervals fell within the indicated
limits.
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8.5.4 Instruments and reagents

The system accuracy validation study data analysis may be performed with each person using one
instrument.

If different persons use the same instrument, disinfection of the instrument is necessary to avoid
potential transfer of bloodborne pathogens. Manufacturers should validate this procedure and include
disinfection information in the instrument’s user manual or instructions for use.

At least two reagent lots shall be included in the system accuracy validation study. The samples should

be evenly distributed across the two lots, in a randomized manner.

8.5.5 Co
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n to verify that the'laboratory is qualified to perform the measurement procedure.

1l may be used-as a guide.

8.5.6 Study design

System accy

raey may be validated using either a one- or two-step comparison.

in as

re shall specify the collection procedure regarding the appropriate specimen (e.g. citrate

that
astin
1ding

1ding
istin,

ures

In the one-step comparison, capillary blood is compared to venous blood without anticoagulant (if
claimed as an acceptable specimen type) and the appropriate reference method sample (e.g. citrated
plasma).

In the two-step comparison, capillary blood is compared to venous blood without anticoagulant, and
venous blood without anticoagulant is compared to the appropriate reference method sample (e.g.
citrated plasma). This approach may be used if the relationship between venous and capillary blood is
established.

Either procedure allows several replicates of each venous blood specimen to be measured. Therefore,
an assessment of the different sources of variability (e.g. reagent lots, instruments, volume fraction of
erythrocytes) may be made with increased statistical power.

28 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=eb50ba9f50cece8b2dd52ba7c1ca2e74

ISO 17593:2022(E)

Individual measurements from the oral-anticoagulation monitoring system shall be compared to
reference INR values determined by a comparator measurement procedure (i.e. a selected or standing
measurement procedure or another validated measurement procedure that has been shown to produce
equivalent results).

8.5.7 Procedure

8.5.7.1 General

The manufacturer may choose to follow a one-step procedure or two-step procedure.

The following experimental designs represent the minimum requirements to verify systgm accuracy.
The procedures may be modified to accommodate multiple reagent lots or other factors.

8.5.7.2 One-step procedure

Two [capillary blood specimens shall be collected from each person, according to the mahufacturer’s
instrjuctions for use, for duplicate measurement on the oral-anticoagulation monitoring sydqtem.

Simultaneously, an appropriate reference specimen (e.g. citrated yenous blood specimgn) shall be
collegted from the person by an experienced phlebotomist in accordance with the requirenents of the
comparator measurement procedure (see 8.5.5). If the manufacturer intends the system to be used
for venous, nonanticoagulated blood, this specimen type shall be collected. Venous blgpod without
antidoagulant may be used for plasma testing, after addition.of citrate anticoagulant and separation of
platelet-poor plasma, if allowable for the measurement procedure.

The ¢apillary specimens and venous blood specimens: (if applicable) shall be measured o1} the system
unddr evaluation, according to the manufacturer/s-instructions for use, and the result shallpe recorded
on tHe data collection sheet.

After measurement on the oral-anticoagulation monitoring system (if applicable), the venous blood
specjmen shall be processed and analySed by the manufacturer’s standing measurement procedure
or alternative measurement procedre (see 8.5.5) and the INR result shall be recorded |on the data
collertion sheet.

The yolume fraction of erythracytes (haematocrit value) shall be measured on each specinpen to verify
that the value is within the aeceptable interval specified for the system, if applicable. The fesults shall
be rgcorded on the data-collection sheet.

8.5.7.3 Two-step procedure

In the two-step,procedure:

a) Iuring the first step, the equivalency of venous and capillary blood shall be shown, and

b) during the second step, venous blood without anticoagulant as a specimen for the blood device,
and the appropriate reference specimen (e.g. venous citrated plasma sample) for the respective

comparison method from the same venous specimen, shall be used.

In the first step, two capillary blood specimens shall be collected from each subject according to the
manufacturer’s instructions for use, for duplicate measurement on the oral-anticoagulation monitoring
system.

Simultaneously, a venous blood specimen shall be collected from the subject by an experienced
phlebotomist, in accordance with the requirements of the self-testing system.

The specimens shall be measured on the system under evaluation, according to the manufacturer’s
instructions for use, and the result recorded on the data collection sheet.
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Once capillary and venous blood without anticoagulant have been demonstrated to be equivalent,
the second step comparison (i.e. between samples of venous blood without anticoagulant and the
comparator specimen) can be undertaken. This comparison may be conducted at sites which are distant
in time and place from the original capillary/venous equivalency studies.

NOTE 1

medical decision levels of 2,0, 3,5 and 4,5 INR are <5 % with appropriate 95 % confidence intervals.

For the purposes of this document, “equivalent” means that systematic differences (biases) at the

In the second step, a venous blood specimen without anticoagulant shall be measured on the system
under evaluation, according to the manufacturer’s instructions for use, and the result recorded on the
data collection sheet.

The venoud
measureme

The volume
that the vals
on the data

The two-st
Reference [4

NOTE2 Fi

blood specimen shall be processed immediately and measured by the refei
ht procedure (see 8.5.5) and the INR result shall be recorded on the data collection she

fraction of erythrocytes (haematocrit value) shall be measured on each sample to v
e is within the acceptable interval specified for the system. The results shall be recq
Collection sheet.

bp procedure is recommended for studies when finger sticks ‘are not feasible

2]).

hger sticks cannot be feasible because the inconvenience added for the patient due to two pa

punctures, ofe capillary and one venous, or can be:

not acce

not acce
8.5.8 Dat

8.5.8.1 G¢

Prior to ana
insufficient

No data de
accuracy. TH
a) All pro
determi
b) Ifaresy
a contr
The red
investig

bted by the patients, they will not give informed consent, and/or;

bted by the investigator, because difficulties in procedural timings are experienced.
h analysis

tneral

ysis, the data sheets shall be evaluated to identify obvious errors (e.g. transcription e
volume of blood sample). Corrections should be made as appropriate.

bmed valid by the study/investigator may be excluded from the assessment of sy
e following guidelines apply to the validation of system accuracy:

cedural errors, inStyument malfunctions and control failures shall be investigatg
ne the cause. The-ihvestigation and its conclusions shall be documented in the report.

It was deented valid by the study investigator, even though an error message was giv
1 limit was‘exceeded or if a procedural error occurred, such a result shall not be reje
son thatsthe user ignored the error message, control failure or procedural error sha
ated.

The dat

ence
et.

erify
rded

(see

rallel

rors,

stem

d to

en, if
cted.
11 be

h challhaavaminad forctatictical antlhiare hy anracadura dafinad in thoa neratacal Dogyra
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eksion
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and correlation analyses shall be performed and reported with and without the outlier data.
Outlier data points shall be included in the plots using a different symbol. Guidelines for identifying

outliers
Results shal

total nu

30

are found in ISO 5725-2:2019 [5] and in CLSI document EP09C [23],
1 be plotted and analysed, and the following information shall be reported:

mber of samples/specimens analysed;

interval of INR values, as measured by the comparator measurement procedure;

graphical plots of the data with appropriate statistics (see examples in 8.5.8.2 and 8.5.8.3);

results of the system accuracy assessment (see 8.6.2 and 8.6.3);
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— summary of INR values that were excluded from statistical analysis due to exceeding instrument's
measuring range;

— summary of outliers identified and excluded from statistical analysis, including the procedure for
identifying the outliers and the outcome of the investigation into their cause;

— literature references for the statistical analysis procedures.

8.5.8.2 Difference plots

The difference between individual results from the oral-anticoagulation monitoring system and the
referencevatuesshattbe pluttcd asthe dcpcudcut variable-Thereferencevatuesshattbe 1Y otted as the
independent variable. Reference values may be averages of replicate measurements.

Diffefrence plots are useful for visually demonstrating the magnitude of the bias over the entire range of
INR results.

Plottiing percentage difference against INR values at low INR values is generally not suitable for the
graphical evaluation of system accuracy. Actual INR differences should beused. A recommended cut-off
valug is 2,0 INR.

EXANPLE A plot of results from a validation study of an oral-anticoagulation monitoripg system is
illustrated in Figure 2. The upper and lower lines represent the acceptaxice criteria from 8.6.1.

Y
; 4
"
- !
1 Q-
| .
_____________ - o ) A
)+ €y
4
LY
44 TS
] -
-_— -
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‘N
-2 G Ss< .o
-3 t t t t t t t t
0 1 2 3 4 5 6 7 8 X
Key
X comparator measurement procedure value (INR)
Y anticoagulation monitoring device value (INR) comparator value

Dotted line (= - = =) Allowable difference

Figure 2 — INR difference plot
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Assessment of system accuracy shall be based on all data deemed valid by the study investigator. The
following statistics shall be reported for each INR range in Table 3:

a)

b)
8.6.2.

c)

Bias between the oral-anticoagulation monitoring system results and the reference values.

INR interval that encompasses 95 % of the differences.

8.5.8.3 Regression analysis

Percent of results within the acceptability criteria for system accuracy described in 8.6.1. Also, see

Individual 1
variable and
replicate me

esults of the oral-anticoagulation monitoring system shall be plotted as the depery
the comparator values as the independent variable. Comparator values may be averag
asurements. Identical scales and intervals shall be used for the x- and y-axes,

The slope apd y-intercept shall be calculated by a suitable regression analysis procedure. The mg

used shall b

NOTE1 Ej
Deming regry
certain statig
guidance in s

NOTE2 Bi
as 2,0, 3,5, 4,

EXAMPLE

in Figure 3.
(confidence i
correlation c

e specified in the protocol.

amples include linear regression, Deming regression, orthogonal regressien (a special case
bssion) or Passing-Bablok regression. Appropriate regression analysis,depends on the data mg
tical assumptions. For an evaluation of regression procedures for méthod comparison studie]
electing an appropriate regression analysis procedure, see Linnef8%1 or Stockl [371,

as can be calculated from the regression equation at selected INR values (e.g. at decision pointg
). See CLSI document EP09C [23],

A scatter plot from a validation study of an oral-anticéagulation monitoring system is illust]
[he two outer lines represent the acceptance criteria from 8.6.1. The regression slope is 0,
hterval 0,909 1 to 1,000 0); the y intercept is 0,176 2 (confidence interval 0,072 64 to 0,263 6
pefficient is 0,960.

1dent
es of

thod

bf the
eting
s and

such

rated
D52 4
); the
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Figure 3 — Scatter plot with regression analysis
The following items shall be reported-for each evaluation site:

| scatter plot with regression analysis line and the y = x line;
he slope and interceptof the linear regression line with confidence intervals;

he Pearson’s conprelation coefficient r.

Outlier data candave an undue influence on estimates of central tendency and dispersios

para
regre

meters should be calculated with and without outlier data, and all data shall be s}
bssion ploty with outlier data points indicated by a different symbol.

8.6

n. Statistical
hown in the

Minimum acceptable system accuracy

8.6.1 System accuracy requirement

The minimum acceptable accuracy for results produced by an oral-anticoagulation monitoring system
for self-testing shall be as follows:

— Overall agreement of ninety-five percent (95 %) of the differences between results from the oral
anticoagulation monitoring system and results from the reference measurement procedure, in the
combined INR ranges shall be within the limits in Table 5.
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NOTE 1

Table 5 — Performance criteria

INR interval Allowable difference
<2,0 +0,4
2,0 to 4,5 +20%
>4,5t06,0 +25%
> 6,0 +30 %

The allowable differences are based on the performance of currently marketed anticoagulation

monitoring systems, which represent the state-of-the-art. These systems have been shown to offer significant

benefits to p

NOTE 2

1 1311
T ==1

The criteria apply to system accuracy validation studies in which professional system-~operators

have receivedl proper training, the system has been properly maintained, and required adjustment)and cagntrol

procedures

ve been followed, in accordance with the manufacturer’s instructions for use.

400

results obtdined from the 200 persons. The total number of acceptable résults in each INR intgrval
ed to determine the number of acceptable results. The percentdge of acceptable resullts is

shall be ad

calculated afs the number of acceptable results times 100, divided by the\total number of results.

8.6.3 Dath presentation

Results in th
for each intd

e INR intervals in Table 5 shall be presented separdtely because of the allowable differ¢nces
rval; see 8.6.1.

The results phall be presented in a table for each INR interval.

Recommend

ed formats for healthcare professionals-and lay persons are shown in Tables 6, 7 and 8.

The

data are from the example in 8.5.8.2. The interval represents the INR values evaluated in 8.6. The Upper
limit of the neasuring interval may be highér;see 4.2.

Table 6 — Example of presentationof system accuracy results for professional labelling for]INR
below 2,0
. Within Within? Within Average INR
INR interval .
0,39NR 0,4 INR 0,5INR difference
Below 2,0 94" % 98 % 100 % 0,11
al  The shaded cells in the table represent the allowable difference for each INR interval per
Thble 5.
Table 7 — Example of presentation of system accuracy results for professional labelling for]INR
4,0 and above
INR interval Within Within? Within Within Average INR
10 % 20 % 25% 30 % difference
2,0to 3,5 81 % 98 % 99 % 100 % 0,06
INR interval Within Within Within Within Average INR
10 % 20 % 25% 30 % difference
3,6t04,5 70 % 95 % 100 % 100 % 0,34
INR interval Within Within Within Within Average INR
10 % 20 % 25 % 30 % difference
4,6t06,0 68 % 86 % 91 % 95 % 0,51
a2 The shaded cells in the table represent the allowable difference for each INR interval per Table 5.
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Table 7 (continued)
INR interval Within Within Within Within Average INR
10 % 20 % 25% 30 % difference
>6,0 45 % 100 % 100 % 100 % 0,78

a2 The shaded cells in the table represent the allowable difference for each INR interval per Table 5.

Table 8 — Example of presentation of system accuracy results for lay person labelling

INR interval? % acceptable results
11t077 97 %

9 1

9.1

A lay
oral-
ISO 7

The
oral-
use 3

The

a  System accuracy was evaluated over this interval of INR results.

Lay person performance evaluation

General

person performance evaluation shall be performed by the manufacturer prior to pl
Anticoagulation monitoring system into commercial distribution. The requirements
0916 apply.

purpose of the lay person performance evaluation is to“demonstrate that users can
anticoagulation monitoring system and obtain acceptable results, given only the insf]
nd training routinely provided by the manufacturer.

lay person performance evaluation shall be\performed according to a written pi

prot

analysis procedures and acceptance criteria. The results of the user performance evaluat

doc

Resuflts obtained by the lay persons either may be compared to results obtained by
technicians, using the same oral-anticoagulation monitoring system, or may be compare

obta

9.2
The |

col shall, as a minimum, specify the traininmg and education, evaluation sites, data cd

ented in a report.

ned by the manufacturer’s sélected/standing measurement procedure, or both

Study overview

ay person performdnce evaluation occurs as shown in Figure 4.

acing a new
specified in

operate the
ructions for

rotocol. The
llection and
ion shall be

experienced
d to results
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Start lay person
performance evaluation
(9.0)

The manufacturer’s
education program is
completed by the lay

person
(94)

Initial Evaluation:
Lay person self-testing
and technician testing is
completed at a
professional site.
(9.6.1)

Home Use:

Lay person self-testing
is ongoing at home using
blood, and controls
when applicable
(9.6.2)

1st (mid) and 2"(final)
evaluation;

Lay person self-testing
and technician testing is
completed at a
professional site
(9.6.3)

Evaluation of the
instructions for use is
completed
9.7)

Study data is analysed vs.

predetermined
acceptance criteria
(9:8)

End lay person
performance evaluation

Figure 4 — Lay person performance evaluation study design
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Study sites

Lay person studies shall be conducted at three professional sites. The setting shall allow the lay person
to perform the measurements using only the instructions for use and training routinely provided to lay
persons by the manufacturer. Rationale for the selection of the evaluation sites shall be documented.

NOTE

The manufacturer is encouraged to select sites that represent the actual use of the

anticoagulation clinics).

9.4

At le
and

Subij
oral-
with

stable on their warfarin treatment.

Cons
for a

Subij
train
oral-

Once
perfq

If thd
instr
(e.g.
9.5
Lay 1

9.6

9.6.1

At the evaluationiSite, the subjects shall perform their own finger punctures and measursg

valug
shall
shall
the s

Subjects

Y qay. 11

30 [SOT abje S TOUP T Shatt be inciuded 1t
education level of these subjects needs to be representative of the intended user

anticoagulation self-testing system (e.g. the value for the volume fraction of esythrocyj
n the interval specified in the instructions for use). Subjects to be included‘inthis stu

ider recruiting more than 27 lay persons at each site to ensure the minimum data reg
halysis are metin 9.8.

bcts shall complete the manufacturer’s education program,-but shall not receiv
ing, instructions, assistance or training materials other €han those routinely provid
hnticoagulation self-testing system.

the subjects have completed the manufacturer’s edication program and are deemed
rm self-measuring, they can start the lay personstudy.

b training program requires subjects to take-the self-testing systems home, the subijg
ucted not to use the results for any medical purpose. The systems shall be labelled aj
‘For Performance Evaluation Only”, “For’Investigational Use Only”).

)

Instruments and materials

erson studies shall be condueted using one instrument and one reagent lot.
Evaluation of lay person proficiency

Initial evaluation

e using the 'oral-anticoagulation self-testing system, as per the instructions for use. |
perforpiithe measurement twice, obtaining two INR results. The site’s trained healthc
alse mieasure the subject’s blood value using the same oral-anticoagulation self-testing

product (e.g.

age, gender
population.

ects shall have a target INR interval between 2,0 and 4,5 and shall meet the requitreinents of the

tes shall fall
ly should be

ults needed

b additional
ed with the

qualified to

ects shall be
bpropriately

their blood
fach subject
hre provider
system and

ame lot of reagent. The healthcare professional shall measure the subject’s blood twig

e, obtaining

two

NRTesults:

If two instruments are available, and if allowable by the self-testing system’s instructions for use, the
two measurements may be taken from a single finger puncture, using two sequential drops of blood and
no excessive squeezing. The second drop(sample) shall be collected immediately as to avoid clotting.

Immediately thereafter, the healthcare provider may obtain a venous blood specimen from the subject
for measurement by the manufacturer’s selected/standing measurement procedure.

In order not to introduce bias, the order of measurement by the lay persons and the healthcare providers
should be randomized or alternated.

Lay person techniques in operating and maintaining the system, applying the sample and reading the
result shall be evaluated by the site’s trained healthcare provider. Results of the evaluation shall be
documented.
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may be given a questionnaire to evaluate their understanding of the system.

9.6.2 Home use

The training centre determines the pass/fail criteria for the questionnaire, depending on national

After completion of the initial evaluation, each lay person shall be provided with an oral anticoagulant
monitoring system and instructed to perform measurements at home.

Each lay person shall be instructed to complete at least six measurements, one measurement per week

o ding m-aacralkant-of-co

trol

for six weeks
materials ag

Each lay per
a total of six

Manufactur
results and

9.6.3 Mid
Each lay perj
second/fina
same day a{
perform thej
own finger

falla +tha oot e chryictl o fo +tha
S;1TOTTOW 1115 tHe-ahtractarer- SRSt et oRSTorHS5e; 111\,Auu1116 e eastutrem et o=

applicable.

son shall be instructed to measure two control samples with each measurement, obta
values for each level of control material, if applicable.

brs shall provide the lay persons with data forms for documentationofitheir self-te
control results.

and final evaluation

son shall return to the healthcare provider’s site twice during the six-week period, wit
[ visit being six weeks. The first/mid visit can be scheduled at any time but shall not b
the second/final visit and ideally at three to four weeks. At each visit the lay person
proficiency evaluation. At the healthcare provider’s site, the lay persons shall perform
punctures and measure their blood specimens using the oral-anticoagulation self-te

ning

sting

h the
e the
shall
their
sting

system.

Immediately e the

lay person’s

F after the lay-person’s self-testing, the site!s-trained healthcare provider shall measun
blood with the same oral-anticoagulatien self-testing system.

Immediately
for measurs¢

F thereafter, the healthcare providef.shall obtain a venous blood specimen from the sul
[ment by the manufacturer’s selécted/standing measurement procedure.

bject,

esult
user

User techniques in operating and maintaining the system, applying the sample, and reading the 1
shall be evdluated by the trained healthcare provider participating in the study. Results of the
evaluation shall be documented in.the report.

Subjects mdy be given a questiennaire designed to evaluate their understanding of the system| The

questionnaife only needs to\be given at the final visit.

sults
dure,

L1near regression may be used to calculate the relationships of the patient and professional re
otherand against the manufacturer’s selected/standing measurement proce

9.7 Eval

Instructions for use shall be evaluated by the study participants at the final visit. The lay persons
and healthcare providers shall be requested to review and provide comments regarding the ease of
understanding of the instructions for use.

This evaluation may be combined with the study described in 9.6 or may be conducted separately.
User comments may be collected via questionnaires, or as part of human factors studies.

The manufacturer shall establish acceptance criteria for the results of the evaluation of the instructions
for use. If the users’ results fail to meet the acceptance criteria, then the manufacturer shall consider
the need to revise sections of the instructions and repeat the evaluation.
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9.8 Acceptance criteria and data assessment

From either the user’s duplicate results, and the healthcare provider’s duplicate results or the results
from the manufacturer’s selected/standing measurement procedure, or both, repeatability of the
duplicate measurements shall be calculated as described in 8.4.4.2. The repeatability % CV point
estimate of both the user’s and the healthcare provider’s duplicate results should be < 6 and < 5 %
respectively.

From the user’s control results, if applicable, the intermediate precision SD shall be calculated using an
analysis-of-variance procedure for each level of control material.

The firstresult from each set of duplicate results from both the mid and final wisit (n=approximately
160)|will be used for the analysis. Agreement of the user’s results with the manufacturer’s selected/
seledted measurement procedure results shall be calculated as described in 8.5.8.

NOTH The healthcare provider’s accuracy requirement to the manufacturef’s seledted/standing
measjurement procedure was assessed in Clause 8 and is not required to be performedagain.

For the users’ and the results of the manufacturer’s selected/standing measurement procedure, 95 % of
all rgsults in the INR interval of 2,0 to 4,5 shall be within +/- 20 %.

The tesults of the study shall be reported in the format described inc8:6.3.
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Annex A
(normative)

itional requirements for electromagnetic compatibility

A.1 General

This annex
compatibilit
to the requi

If risk analy
presents an

A.2 Imm

A.2.1 Rad

The require

In addition,
2,5 GHz, at 4

A.2.2 Elegq
The require

For air disc}
and +8 kV.

For contact
+4 kV and *

A.3 Syste

If other equ
system shal

When deter

specifies minimum requirements for immunity and emissions regarding electromag
y (EMC) for oral-anticoagulation monitoring systems intended for self-testingsinjadd
rements of 6.4.

sis (see 4.4) shows that exposure to higher levels of radiation or electtostatic disch

unacceptable risk to the user, then the system shall be tested at these higher levels.

unity test requirements

iated immunity

ments specified in [EC 61000-4-3 apply.

test level of 3 V/m.

'trostatic discharge immunity
ments specified in [EC 61000-4-2 apply.

large, electrostatic discharge immunity shall be demonstrated at test levels of +2 kV, 4
discharge, electrostatic-discharge immunity shall be demonstrated at test levels of *
b kV.

m test requirements

pment is.cofimected to the instrument or can be connected to the instrument, the resy
also fulfivthe EMC requirements.

mining system testing requirements, the manufacturer shall consider whether or no

possible to perform a measurement while the system is connected. System configurations specifid

netic
ition

arge

immunity against radiated frequencies shall bevextended to the frequency range up to

4 kv

2 kV,

Iting

C it is

pd by

the manufacturer, or foreseeable system configurations identified by risk analysis, shall be tested as
described in A.2 if they allow the user to perform an INR measurement.

System test requirements may not apply if the design of the system prevents the user from performing
INR measurements when the instrument is connected to other equipment.

A.4 Instructions for use

The instructions for use (see 5.3) shall include the following information:

a)

a statement that the equipment complies with applicable EMC emission requirements, and that

emissions of the energy used are low and not likely to cause interference in nearby electronic
equipment;
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b) a statement that the equipment is tested for immunity to electrostatic discharge, as specified in
[EC 61000 4-2;

c¢) recommended mitigation measures that should be taken by the user to avoid incorrect operation or
damage to the system;

EXAMPLE1  “Do not use this instrument in a dry environment, especially if synthetic materials are
present. Synthetic clothes, carpets, etc. can cause damaging static discharges in a dry environment.”

d) a statement that the equipment is tested for immunity to radio frequency interference at the
frequency range and test levels specified in this document;

e) fecommended mitigation measures that should be taken by the user to avoid radip frequency
interference, with specific examples.

EXAMPLE 2  “Do not use this instrument near cellular or cordless telephones, walkie' talkies, garage-door
openers, radio transmitters, or other electrical or electronic equipment that are souvces of eleptromagnetic
radiation, as these can interfere with the proper operation of the instrument.”

©1S0 2022 - All rights reserved 41


https://standardsiso.com/api/?name=eb50ba9f50cece8b2dd52ba7c1ca2e74

ISO 17593:2022(E)

Annex B
(informative)

Traceability chain examples

The diagram in Figure B.1 is adapted from ISO 17511 to show a full traceability chain for calibration of
an oral anticoagulation monitoring system by the manufacturer.
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